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Abstract 
In this paper, we propose a dynamic load control scheme for smart grid systems. The proposed scheme is based on 
real-time information of different types of users’ consumptions and needs to increase the utilization of electricity. 
Different types of users have different priorities. For example, hospital’s priority is higher than a residence 
community. In the proposed scheme, a weighted utility function is adopted to determine the load reassignment. With 
the proposed model, electric power reassignment not only is based on initial data of the electric power system, but it 
also takes some real-time information into consideration. The load is always assigned in optimal. From the obtained 
simulation results, it can be seen that the real-time information of system load can extremely be granted in improving 
of the system utilization. 
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1. Introduction 
The challenge of limited energy resources in the world is one of the most important issues. Modern 
social needs are hard to meet with the traditional power supply system. Recently, many countries have 
proposed a series of policies to encourage research institutes and organizations to pay more attention on 
improving the utilization of power systems and energy saving.  
In the past electric grid, the electricity power supplier provides enough power for the consumers based 
on the raw data.  However, the provided power may not meet the consumers’ needs due to the 
consumptions of power is dynamically changed such as pink time, the fluctuation of consumptions, the 
increasing and decreasing amount of users etc.  Therefore, it can cause energy waste and the quality of 
power supply decreases. That is, some customers do not have enough electricity; others do not have the 
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capability of using up the power and leave a certain amount of electricity. In a traditional electric power 
system, electricity is directly transmitted from electric generations, like power stations or other power 
generators, to the customers who are in lack of power. Therefore, superfluous electric power can be 
provided and it leads to a great waste of energy.  
Smart grid is a new concept of integrating electric network and information communication 
technology in power supply system [1]. A smart grid system delivers electricity from power suppliers to 
consumers by using two-way communications to control the needs at consumer sites. An efficient smart 
grid system can improve efficiency, reliability, security and quality of electric services. Project 2030 
(P2030) was launched by the IEEE in May 2009 to develop an international standard of smart grid called 
a smart grid guide [2]. In the IEEE P2030, the smart grid technology consists of three aspects: energy, 
communication, and information technology. Therefore, placing emphasis on how to apply information 
and communication technology (ICT) to deliver real-time information to balance power supply and 
demand is an inevitable trend in information and communication areas for the smart grid[3]. An 
intelligent Metering/Trading/Billing System (ITMBS) is presented in [4]. Customers can adjust their 
demands by setting the operating time of some of the home appliances based on real time information for 
smart grid through ITMBS. Erol-Kantarci, M. and Mouftah, H.T. propose TOU-aware energy 
management in a smart home with wireless sensor home area network and analyze the impact of this 
schemes on the peak load [5]. 
In this paper, a dynamic load control scheme is proposed for the smart grid systems. The proposed 
scheme is based on real-time information of different types of users’ consumptions and needs. Different 
types of users have different priority. For example, the priority of a hospital is higher than the one of a 
residence community. In the proposed scheme, a weighted utility function is adopted to determine the 
load reassignment. With the proposed model, electric power reassignment not only is based on initial data 
of electric power system, but also takes some real-time information into consideration. The load is always 
assigned in optimal. From the obtained simulation results, it can be seen that the real-time information of 
system load can extremely grant in improving of the system utilization. 
The rest of the paper is organized as follows. Section II introduces the system model and some issues 
influencing the distribution. The simulation results and discussions are shown in Section III. In final, we 
conclude the paper in Section IV.  
2. System Model 
In the proposed system, we assume that there are M types of users such as hospitals, schools, offices, 
industries, and residence communities. Different types of users are assumed to have different priority 
classes Pi (i = 1, 2, …, M; 0 ≤ Pi ≤ 1). There are K power generations in the system and each power 
generation provides power to its users. All the power generations are connected each other. The system 
topology is illustrated in Fig.1.   
 
 
Fig. 1.Example of System Topology 
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where symbol “Gi” is the ith power generation and symbol “Uij” is the user j of power generation Gi.  
In the proposed dynamic load control system, we consider three different factors, namely redundant 
rate, variation rate, and transmission loss rate, which can influence the utilization of electricity power.  
2.1. Redundant rate of power 
Although the power suppliers provide the power to their users based on the raw data, there are still 
some users who may have redundant power and some users who may need more power in different time 
periods. If the power providers do not dynamically change the load for their users, the redundant power 
becomes waste. It is observed that the utilization of power can be increased if the power providers can 
reassign the redundant power to the users who need more electricity.  Let fR be the power redundant rate 
for each user and it is defined as  
  
max_
r
R
r
Wf
W
= ,                                                       (1) 
where Wr is the redundant power and Wmax_r is the maximum of redundant power which can be estimated 
by the user’s raw data. This factor will be considered into our proposed utility function for the power 
reassignment.  
2.2. Variation rate of power 
Different users may change their power requirements very frequently. Therefore, the variation rate of 
power change should be considered as another key factor into the load reassignment as well.  If we 
assume that Tave is the average time interval of changing power from one state (redundant or shortage 
state) to another state (shortage or redundant state), the variation rate of power is given by  
  
max_
ave
V
v
T
f
T
=  ,                                                    (2) 
where Tmax_v is the maximum time interval of changing power from one state (redundant or shortage state) 
to another state (shortage or redundant state).  
2.3. Transmission loss rate of power 
The distance between power generation and user is different in the system. Long distance power 
delivery is not efficiency. Therefore, in this paper, we define a transmission loss rate of power as  
max
L
df
d
= ,                                                  (3) 
where d is the distance between power generation and power shortage user, and dmax is the maximum 
distance between power generation and users in the system. Note that dmax can be multiple hops.   
In the proposed dynamic load control model, the above impact factors are integrated with different 
weights as a cost function below: 
   R R V V L L P PC w f w f w f w f= + + + ,                  (4) 
0 , , , 1R V L Pf f f f≤ ≤                                         (5) 
0 , , , 1R V L PW W W W≤ ≤                                   (6) 
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where fP is the factor of user’s priority, wR, wV, wL, and wP are the weights of redundant rate factor, 
variation rate factor, transmission loss rate factor, and priority factor and all the weights have a constraint 
as follows: 
  1R V L Pw w w w+ + + = .                             (7) 
In the system, smart metering in each user collects and computes the value for the factors of redundant 
rate, variation rate, and priority. After the power generation control center collects the data from each user 
and calculate the transmission loss rate based on the corresponding geographical distance, the power 
generation control center calculate the values of cost function for each user. Based on the values of cost 
functions for each user and the average time interval of changing power, the power generation control 
center will decide which user could donate redundant power to others for how long.  Note that in this 
paper, we assume that the proposed system has an ideal communication system. That is, the power 
generation control center has all the real-time information about each user.  
3. Numerical Results and Discussions 
To evaluate the proposed dynamic load control scheme, d event-driven simulation method is used for 
simulation. In the extensive simulations, we assume that there are ten electric generations and a large 
number of users. As shown in Fig.1, the electric generations and users are randomly distributed in the 
service area. We also assume that each user is connected with one electric generation and all the electric 
generations are connected to each other as a distributed ad hoc network. In this paper, a user is defined as 
a group of the same type of power consumers. For example, a single hospital is one user; one residence 
community, another user etc. Since we consider a smart grid system, the real-time data is collected by the 
smart metering and it can be transmitted to the electric generation center ideally. All the real-time 
information can be exchanged among all the electric generations.  
In the simulations, each user can be in any of three different states, normal use, overuse, and surpluses. 
The time interval of state change is assumed to follow exponential distribution and the values in each 
state is assumed to obey uniform distribution. Each electric generation periodically collects the real-time 
data from its users and calculates the values of cost function for each user. Based the values of each user’s 
cost function and the information obtained from other electric generations, the generation will reassign 
the electricity among its users.     
Firstly, we consider a general case for our proposed load control scheme. In this case, we assume all 
the weights (or importance) for different factors are the same, that is, WR = WV = WL = WP = 0.25. As 
described in previous section, WR, WV, WL, and WP are the weights of redundant rate, variation rate, 
transmission loss rate, and user’s priority class.   
                           
Fig. 2.Power saving versus the average time interval of user’s                  Fig. 3.Power saving versus different number of users  
state change with the same weights                                                             with the same weights 
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Fig.2 shows the proportion of power saving versus number of users under different time interval of 
state change. In the figure, the average time interval of the state change is selected by 0.5 hr, 1 hr, 5 hr, 10, 
hr, and 15 hr, respectively. Note that the power saving is introduced about how many surpluses power is 
reused. For a small time interval of state change and more than 100 users, the redundant power can be 
reused by more than 35%, if the average time interval is equal to 0.5 hr. If the average time interval is 
equal to 2 hr, the surpluses power can be reused by more than 50%.  However, the reuse of redundant 
power becomes saturated when the number of users increases. It is observed that there is a 
complementation relationship for users’ power supply and demand in the system. Some users are lack of 
power and others leave lots of surplus power not to use up. The system uses our proposed scheme to 
balance the supply and demand relationship among the users who have some redundant power and are 
lacking power. Therefore, the number of the users can increase the probability for the users to have a 
good balance between overage and shortage. As a result, surplus power in a smart grid system can be 
reused by the users who are lack of the electricity.  
In Fig.2, the surpluses power can be efficiently reused when average time interval of state change 
increases. Because the time interval of state change represents the stability of users to keep the states of 
using power. If the states users are changed frequently, a lot of redundant power cannot be reused in a 
small time period. 
Fig.3 shows the proportion of power saving versus the average time interval of states change. Time 
interval is longer, the states of customer groups is keeping more stable. As a result, the efficiency for 
power utilization in this system is higher. At last the proportions keep increasing stably until time interval 
exceeds a value. The trend on different amount of users in Fig.3 is the same as Fig.2 shows. 
From Figs. 2 and 3, it can be seen that the utilization of system in a smart grid system can be improved 
rapidly by using the proposed dynamic load control scheme. Fig.4 shows power saving versus the number 
of users when the weights of the factors are different and the average time interval of state change is 5 hrs. 
                       
Fig. 4.Power saving versus the average time interval of user’s                   Fig. 5.the comparison for the proportion of saving  
state change with different weights                                                              power on different type of customers 
In Fig.4, we keep three weights of the factors same and assign a bigger value to the weight of forth 
factor. Different values of weights represent different emphasis for the assignment of electric power in the 
proposed system. The weights are set as WR = 0.4, WV = 0.2, WL = 0.2, and WP = 0.2. Since the weight of 
redundant power is larger than other factors, the power generation pays more attention on redundant 
power than other factors. As a result, the system can increase the reuse of redundant power and improve 
the utilization. However, it may cause other problems. For example, some users’ redundant power is 
reassigned to other users. Once variation of those users’ power consumption happen suddenly, there is not 
enough power for them, which results in the insecurity of power using for users in smart grid systems. In 
addition, there are some users with high priority who must have enough power in all the time. Even 
though high priority users have lots of redundant power, the system cannot reassign these surpluses power 
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to others in order to keep them running normally and safely. For example, the power saving in the 
condition of WR = 0.2, WV = 0.2, WL = 0.2, and WP = 0.4 is lower in Fig.4. Therefore, how to determine 
the weights for different factors becomes another issue.  
In the proposed system, there are four different factors influencing the reuse of surplus power. 
Electricity utilization type is an important factor among those factors. It influences the utilization of 
power using directly. However, we also pay attention on user’s type when the power generation delivers 
the power so that the system can keep important users running safely. In the proposed system, there are 
three types of users. 
In Fig.5, it can be seen that different types of customers have different proportion for power saving. 
Some of them are higher than average proportion; others are lower than average proportion. The reason is 
that different types of users have different need of power utilization so that they have different efficiency 
of power using. For example, users belonging to type 2 represent those who must have enough power in 
all the time. Therefore, the system cannot reassign its surplus power to other users normally in order to 
make sure they have enough power and are running in safely. It is not allowed to occur that they are 
lacking power at any moment. Meanwhile, users belonging type 1 represent normal users have a highest 
proportion among three types of users. The proportions of different types of customers also influence the 
average utilization of smart grid system consequently. Therefore, we can make reasonable logical 
component for the users in one area to get a high efficiency. 
4. Conclusions  
In this paper, we have proposed a dynamic load control scheme for smart grid systems. In the proposed 
system, a cost function based method is adopted to determine the reassignment of redundant power. 
Different types of users with different priorities are considered in the proposed system. Based on the 
extensive simulations, the results showed that the proposed dynamic load control scheme can greatly 
improve the utilization of redundant power.  
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